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We present a detailed microscopic quantum molecular dynamic analysis of fragment formation in 
the reaction Ne(1.05 GeV/nucleon)  + Au.  The theoretical predictions of  the total mass yield, the 
multiplicity distribution of  clusters, their average momentum, and their angular distribution agree 
well with the available data.  We find a rather localized hot participant Zone, which predominantly 
emits protons and neutrons.  The multiplicity of  light clusters depends strongly on the impact pa- 
rameter whereas the heavier fragments A 240 result from the decay of  spectator residues.  Their 
yield can provide a good measure for the impact parameter.  The hypothesis of  a compound system 
of  Ap and  AT nucleons which is globally heated and equilibrated is  not supported by  our results. 
Light and massive fragments occupy different regions in  phase space.  Semiperipheral reactions do 
not lead to a stopping of the projectile. We  observe a power law behavior of the inclusive mass yield 
distribution.  Its form, however, is caused by  averaging over different impact Parameters. This rules 
out inclusive mass yield distributions as candidates for revealing a possible liquid gas phase transi- 
tion.  Light and intermediate mass fragments are formed during the early compressional Stage of the 
reaction.  We  find  that  the projectile causes a high density wave  to travel through  the target.  It 
causes the target to fragment and transfers transverse momentum to the intermediate mass frag- 
ments.  Lighter fragments receive additional momentum transfer due to n-n collisions. 
I.  INTRODUCTION 
The formation of  medium-mass clusters 5 5 A < 30  in 
medium- and high-energy  heavy  ion collisions currently 
is a topic of  great experimental and theoretical interest. 
Up to now  very  little  is  known  about  the  underlying 
mechanism  of  fragment  formation-only  that  it  has a 
high threshold (Ebeam  > 25 MeV/nucleon) and therefore 
became accessible for experiments only recently.  Proton 
induced  reactions'  exhibit  a  power  law  behavior 
[CT(  A)= A  of the mass yield  curve, a functional form 
which is expected for a system close to the transition be- 
tween the liquid and vapor phases.1,2 The same form of 
the mass yield curve has later also been  found in heavy 
ion induced reaction~.~  This similarity led to the sugges- 
tion that the observed shape of  the inclusive mass yield 
curve presents evidence for the occurrence of this phase 
transition in nuclear collisi~ns.~~~  This conjecture started 
a vivid  debate which is still not settled.  Theoretical in- 
vestigations,  however, have demonstrated that the mass 
yield  curve  is  rather  insensitive  to  different  reaction 
mechanisms  proposed:  statistical  or  thermodynamical 
models  without  Coulomb  intera~tion,~~~  or  including 
it,','  describe  the  observed  mass  yield  equally  well  as 
models in which the system does not come to a global9 or 
at least  to a  local  equilibrium  prior  to fragmentation. 
The latter class of phenomenological models contains ap- 
proaches in  which  the fragmentation  is  assumed  to be 
similar to the percolation of a finite latti~e'~~"  or like the 
shattering of glass.12-l4 
Another type of model treated the nucleus-nucleus col- 
lision as a two step process:  an early compression phase 
leading  to a global thermodynamical equilibrium of  the 
whole system which then can be completely described by 
two variables; a temperature T and a density p.  It serves 
as  the  initial  condition  for  the  subsequent  expansion 
phase  which  is  treated microscopically,  either by  using 
the time-dependent Hartree Fock (TDHF)  (Ref. 15) equa- 
tions or by applying classical molecular dynamics.16 The 
essential result  of  these approaches was the observation 
that fluctuations of the phase space density at the begin- 
ning of the expansion reflect in the distribution of the ob- 
served clusters. 
Cluster  formation  has first  been  treated  in  a  model 
which describes the complete time evolution of the reac- 
tion  by  applying  a  potential  model  to the final  phase 
space distribution  of  a  ~oltzmann-uehling-~hlenbeck" 
(BUU) calculation or by applying a phase space coales- 
cence model to the ~lasov-uehling-uhlenbecki8  (VUU) 
model.  Both approaches aimed at a removal of their con- 
tribution to the primordial proton spectra.  In this single 
particle  theory,  which  has  also  been  dubbed  Landau- 
Vlasov  approach,19  one  starts out  with  well  separated 
projectile  and target  nuclei  which  are boosted  towards 
each other.  The projectile and target contain  AT and Ap 
pointlike  particles,  representing  the  nucleons,  which 
move on curved trajectories under the influence of a self- 
consistent  mean  field.  In  addition,  they  perform  col- 
lisions among each other which respect the kauli princi- 
ple.  These calculations describe very  successfully single 